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Metamaterial Structure Based Dual-Band
Antenna for WLAN

Xueqi Wu , Xi Wen, Jing Yang, Shaolong Yang , and Jianchun Xu

Abstract—With the development of communication technology
and the wide application of 5G information technology, various
mobile equipment manufacturers have higher demands for com-
pact, small, light, low-cost, and dual-band antennas. Therefore, this
paper designs a metamaterial structure-based antenna with oper-
ating frequencies covering the wireless local area network (WLAN)
bands. According to the simulated and measured results, the band-
widths of the antenna below−10 dB include 2.326− 2.859 GHz and
4.995 − 5.854 GHz. The measured results are in good agreement
with the simulated ones. Moreover, the radiation energy of the
proposed antenna is relatively concentrated, and the gain can reach
3.5 dBi and 3.53 dBi at the center frequencies of two operating
bands. All the results show that a novel CPW-fed antenna with
compact structure, low cost, and dual-band is successfully imple-
mented.

Index Terms—Antenna, CPW, dual-band, metamaterial.

I. INTRODUCTION

W IRELESS local area network (WLAN) based on the
IEEE 802.11 standards, also commonly called Wi-Fi,

is widely used in network media, daily life, and other terminal
equipment [1], [2]. In the fifth generation (5G) mobile com-
munication system, the WLAN supports both low and high
frequency bands of 2.400 GHz − 2.484 GHz (2.4 G band) and
5.150 GHz − 5.825 GHz (5G band) [3]–[5]. The low frequency
band has small transmission attenuation and long transmission
distance [6], which satisfies the requirements of signal coverage
and capacity. The high frequency band has wide bandwidth and
stable network speed [7], the signal capacity can be increased
where access point is concentrated. Antennas used to transmit
and receive electromagnetic waves for wireless equipment are
an important part of Wi-Fi systems [8]–[10].

In recent years, the popularity of intelligent terminal products
promotes the development of wireless voice, Bluetooth data
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transmission, etc [11]–[13]. And almost all terminal devices
are optimized for miniaturization. Therefore, the demands for
compact [14], [15], low-cost [16], [17], light weight [18] and
multiband antennas [19]–[21] are increasing. With the rapid
development of microstrip circuits [22], [23], a coplanar wave-
guide circuit [24]–[26] is proposed for the miniaturization of
the antennas. The CPW circuit has the advantages of low dis-
persion, low loss, and easy integration. Therefore, the CPW
feed technology [27] in the antenna design inherits these ad-
vantages in wireless communication systems. Single-frequency
antennas based on CPW or other structures emerge endlessly
[28]–[30]. The antennas working in a single-band will not only
produce electromagnetic interference [31]–[33] and reduce the
compatibility [34], but also bring the problems of larger size
and high cost of terminal products. Therefore, it is necessary to
design multi-band antennas to reduce the interference and size.
Metamaterial [35]–[36] is a kind of man-made material that uses
metal coils, wires, split-ring resonators (SRRs) and other artifi-
cial ways to create reactions to electric and magnetic fields, so it
has electromagnetic properties that natural materials do not have.
In this paper, split ring resonators were connected at the end of
feeder line due to their ability to produce strong electromagnetic
resonances. Therefore, this metamaterial structure is used in our
design.

Here, a CPW-fed dual-band antenna with metamaterial struc-
ture is presented for improving the spectrum utilization effi-
ciency. The antenna configuration is introduced, and the main
parameters that could affect the bandwidth of the antenna are
studied. In order to demonstrate the design concept, a dual-band
antenna prototype is designed, manufactured, and tested. Ac-
cording to the simulated and measured results, the antenna can
achieve full radiation coverage to 2.4G and 5G-WLAN bands.
Measured and simulated results well coincide with each other.

II. ANTENNA DESIGN

The geometry of the proposed antenna is shown in Fig. 1.
The resonant structure made of copper was fabricated on an
FR-4 dielectric substrate with a thickness of 2 mm, a relative
permittivity of 2.65, and a permeability of 1. The proposed
antenna adopted CPW feed technology, and the length and
width of the feeder line are h1 = 27 mm and w = 2 mm.
SRRs were connected at the end of the feeder line due to their
outstanding miniaturization potentialities and ability to produce
strong electromagnetic resonances. From Fig. 1, the side length
and width of the SRRs are c = 13 mm and w1 = 1 mm, and
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Fig. 1. Geometry of the proposed antenna.

Fig. 2. Current distributions of the CPW antenna at (a) 2.5 GHz and
(b) 5.5 GHz.

the gap widths of the splits are g1 = 1 mm and g2 = 2 mm.
The other structure parameters are as follows: l = 15 mm, h2
= 16 mm, g = 2 mm. The total size of this compact antenna is
40 mm × 52 mm.

Numerical predictions of the reflection coefficients for the
proposed antenna were made using the CST Microwave Stu-
dio. To investigate the structure parameters that influence the
electromagnetic characteristics of the proposed antenna, the
simulated surface current distributions at 2.5 GHz and 5.5 GHz
are shown in Fig. 2. At 2.5 GHz, the current, as shown in
Fig. 2a, is mainly distributed on both sides of the feeder line
and SRRs. The effective current length starts from the bottom
of the grounding plate. This effective current length is longer,
the proposed CPW antenna operates in the low frequency band
of 2.5 GHz. From Fig. 2b, the effective currents on the feeder
and SRRs are discontinuous at 5.5 GHz. The effective current
obtains shorter length, generating electromagnetic resonance at
high frequency. Based on these two kinds of resonant modes, the
characteristic of the two operating bands is realized. The above
analysis indicates that the side length c, and width w1 of the
SRRs, and length h1 and width w of the connecting feeder have

a crucial impact on the radiation performance of the antenna
in the operating bands. By reasonably adjusting the structure
parameters of the radiation unit, the full coverage of all Wi-Fi
bands can be finally achieved.

To substantiate this size effect, the reflection coefficients of
the proposed CPW antenna are explored. The simulated curves
in Fig. 3 exhibit two resonant peaks, the center frequency of
the first resonant peak is near 2.5 GHz, and the second one is
close to 5.5 GHz. The dotted lines indicate the start and stop
frequencies of the two WLAN bands. As shown in Fig. 3a, the
two resonance peaks of the antenna shift to low frequency when
the side length c of the SRRs increases from 11 mm to 14 mm.
As c= 13 mm, the CPW antenna can realize dual-band radiation
and completely cover the 5G-WLAN band. From Fig. 3b, with
the increase of feeder length h1, the resonant frequencies of the
proposed dual-band antenna have red-shift. This parameter can
gravely influence the operating band of the design CPW antenna.

As the width w1 of SRRs was changed from 0.6 mm to 1.2 mm
with 0.2 mm intervals, the operating bands of CPW antenna have
blue-shift as depicted in Fig. 3c. Except for the feeder length, it is
also necessary to discuss the influence of feeder width on antenna
performance. When the width w of the feeder line increases from
1 mm to 2.5 mm, the first resonant peak shifts to low frequency,
and the second resonant peak moves to high frequency first and
then to low frequency. As drawn in Fig. 3d, when w = 2 mm,
the operating bands can perfectly cover the WLAN bands.

By changing the structure parameters of the CPW antenna, the
bandwidth of the antenna can be adjusted effectively. Variation
of the side length and width show a coincident impact on the
two resonance peaks of the antenna. In particular, variations of
the length and width of the feeder line can individually control
the resonance peaks of the antenna. From the above simulations
and analysis, the bandwidth and resonance peaks of the antenna
can be controlled by opting the adequate structural parameters.
Finally, the operating bands of the proposed CPW antenna can
completely cover the WLAN band after optimizations.

III. RESULTS AND DISCUSSIONS

To verify the practical electromagnetic performance of the
proposed antenna, a fabricated CPW antenna is shown in Fig. 4.
The reflection coefficients of the antenna are measured by a
vector network analyzer. From Fig. 5, the measured −10 dB
bandwidth of the proposed CPW antenna is 2.164 − 2.638 GHz
and 4.48 − 5.812 GHz. The simulated operating bands of
the proposed CPW antenna include 2.326 − 2.859 GHz and
4.995 − 5.854 GHz. These simulation and measurement results
have acceptable consistency and confirm the reasonability of this
design.

Radiation characteristics of CPW antenna in E-plane and
H-plane at 2.44 GHz and 5.5 GHz are simulated and measured.
These results are illustrated in Fig. 6. The radiation main lobe of
the antenna is along the negative direction of the z-axis, and the
max gain is 3.24 dBi at 2.44 GHz. Similarly, the radiation pattern
in H-plane is not omnidirectional and exhibits a bidirectional
pattern with a max gain of 3.5 dBi. At 5.5 GHz, the proposed an-
tenna also exhibits a bidirectional pattern in E-plane, and the max
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Fig. 3. Simulated reflection coefficient curves with various parameters of
(a) c, (b) h1, (c) w1, and (d) w.

Fig. 4. Photograph of the fabricated antenna.

Fig. 5. Simulated and measured reflection coefficient curves of the proposed
antenna.

TABLE I
COMPARISON BETWEEN PROPOSED AND REFERENCED ANTENNAS

gain of the antenna reaches 3.53 dBi. These results demonstrate
the good directivity of the proposed CPW antenna in operating
bands, and their radiation energy is relatively concentrated.

Table I shows the comparison between the proposed antenna
and some other Wi-Fi antennas. From this Table, it can be seen
that our design has excellent performance in gain and relative
bandwidth.
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Fig. 6. Simulated and measured patterns of the antenna: (a) 2.44 GHz in
E-plane, (b) 2.44 GHz in H-plane, (c) 5.5 GHz in E-plane, (d) 5.5 GHz in
H-plane.

IV. CONCLUSION

A CPW dual-band antenna with metamaterial structure is
proposed in this paper. The simulated results show that the
bandwidth and resonant frequencies of the antenna can be ad-
justed by changing the structure parameters of the feeder line
and the SRRs. Based on the variation regulation, a dual-band
CPW antenna that can operate at whole WLAN bands is finally
obtained. From simulated and measured results, the acceptable
consistency demonstrates the practical effect of the proposed
antenna. According to the E-plane and H-plane patterns of the
antenna, the antenna exhibits good directivity and gain.
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